SUMMARY: Japan International Cooperation Agency has been cooperating with the Chinquihue Foundation on a project to develop oyster and scallop industries among small-scale fishermen in the 10th Region, Southern Chile since 1997. The principal objective is to establish farming methods viable for the fishermen. A variety of different culture methods have been examined in subtidal and intertidal lease areas. The methods tested were designed for low cost of production and ease of upkeep and handling of stock and equipment. From the beginning, through Aug., 2001 at this writing, several techniques for the Pacific oyster farming have been developed and have already been transferred to the fishermen's associations through the extension staff at the Foundation. Feasibility of farming methods for the Chilean scallop is still under study. These activities will be continued until mid-2002 in order to improve the fishermen's incomes.
INTRODUCTION
Chile is the 4th largest country producing 5.6 million tons of capture and aquaculture production in 1999. Southern Chile, including the 10th to 12th Regions, has been playing an important role in aquaculture industries, of which the 10th Region is the most important. It generated a 79.0% of total aquaculture production of the whole country (all 12 Regions) in quantity for 1999 although total fishing production in this region accounts for only 7.8%. This has resulted in Chile becoming the world's second largest producer of salmon, mainly conducted in this region. Geographical features such as wide areas of waters surrounded by islands, bays, inlets, and the continent contributed to the rapid growth because of ease in operation of farming activities. Their livelihoods in the 10th Region are generally based on several activities, not only fishing but also agriculture, and/or livestock culture. Their monthly income is quite low and variable. In particular, a fisherman who does not own a boat equipped with engine is poor. For instance, each member of fishermen's association in Pulelo and Daitao, which are sites of this project, earns approximately $83.20 US & $71.14 US a month, respectively (Suga4). This is low, even if compared to the minimum wage in Chile, $157.46 US. Approximately 13,000 small-scale fishermen, which is about one third of all small-scale fishermen in Chile, are found in the 10th Region (Yamao) . Approximately 262 fishermen's organizations, which is nearly half the total number in Chile, are based in the 10th Region (Techno Press S.A.1).
Some small-scale fishermen's associations have been dedicated to farming in the native seaweed Gracilaria chilensis, which is a relatively easy farmed species but readily subject to fluctuation in market prices. In order to avoid this economic risk in monoculture this project has aimed at diversification of farming species. As additional or alternative sources of income, The Chinquihue Foundation (NGO) has focused the promotion of shellfish farming, including the native mussel, In Pulelo, Punta Chilen, Daitao, and Huyar Bajo, farming trials were carried out with participation of fishermen's associations as a part of extension activities. At the rest of the sites, experiments were conducted by the Foundation and JICA. Farming methods adopted (see Table 2 ) were based on conventional methods found in the world's producing countries and modified taking into account:
-small amount of initial investment capital, -low cost of production (farming equipment) & -ease of upkeep and handling of stock and equipment.
Production costs and profitability were compared among the farming methods. Economic analysis of profitability was carried out according to the following steps of analysis.
Step with an outboard engine, labor, and land facilities were not included at this step and the next step 2.
Step 2: Cost per unit of 1,000 harvestable oysters or scallops considering depreciation of equipment was calculated to know approximate production costs.
Step 3: According to the analysis of the steps 1 & 2, farming methods with better results were selected. Then, maximum income hike for each method was extrapolated using the analysis, internal return rate (IRR) and net present value (NPV), based on a farming period of 9 years (6 harvest times). Costs for land facilities were not included. Table 3 shows costs of production obtained by the analysis of the step 1 and step 2. Regarding subtidal oyster culture, better performance was obtained for vertical hanging of spat-holding shellcollectors with the lowest amount of initial investment, and mesh net method for single seed oysters. With regard to intertidal oyster culture, all the 3 farming methods, oyster bag, horizontal hanging and vertical hanging with rack, seem profitable, given that 1,000 harvested oysters are wholesaled for $49.25 US ($1.OOUS = $670 up to Aug. 8, 2001 ). Wholesale price of 1,000 Chilean scallops is approximately $119.40 US. Results from scallop culture showed considerably high initial investment & production costs (Table 3) , consequently a low possibility of profitability was realized. Table 4 shows maximum income hike extrapolated by the analysis of IRR and NPV for selected farming methods. Regarding subtidal oyster culture, the mesh net method showed the highest return although its initial investment looked a bit high (Table 3 ). In the case of the vertical hanging method, the income hike is a little lower, but requires less initial investment. Table 4 Extrapolated maximum income hike ($/month/member) with feasible analytical results of internal rate of return (IRR) and net present value (NPV).
RESULTS
An interest rate of 12 % was used for this analysis. Subtidal culture is based on one full longline system. Intertidal culture is based on a production level of 40,000 oysters occupying 100 to 200 m2. Calculation was made assuming that in each organization, on average, 15 fishermen are engaged in the farming.
In the case of intertidal culture, the oyster bag method is the best. It is thus far showing the highest return and lowest initial investment (Tables 3 & 4 Mesh net method and shell-collector vertical hanging method for the subtidal oyster culture are viable for the fishermen. There is no big difference in return between both methods. In terms of initial investment, the shellcollector hanging is better although it is a bit labor-intensive to pick oysters one by one off the shellcollectors. Suppose that an association possesses 10 longlines in a lease area of 2 ha., fishermen could manage to generate income of approximately $31.00 to $36.00 US monthly (Table 4 ). This amount of wage hike should be of significance given that their incomes are low as mentioned previously. Taking into account "economies of scale" , in other words if they work with larger amounts of oysters in larger areas, the range of wage hike could be further improved. Actually, in Pulelo 16 members are engaged in mussel and oyster farming using 8 longlines for not more than 2 working days a week. They possess a total of approximately 7 ha. of lease area for longline shellfish farming, thus the oyster farming shows clear potential.
Regarding intertidal oyster culture, performance of the oyster bag is the best in terms of profitability and value of initial investment. The income hike is a bit lower than that in the case of subtidal farming.
However, this could be offset by a much easier environment for fanning operations in the intertidal zones.
In the l0th Region, farming of scallops as well as oysters relies on spat produced only in hatcheries. This means the cost of spat is a substantial part of initial investment compared with natural spat caught in the wild. For example, the production cost of scallop spat for the ear-hanging method using monofilament line amounts for 64% of all the costs. Therefore it is important to carefully grow the shellfish in such a way that relatively high rates of survival and/or growth are obtained. In this context, it is essential for fishermen to acquire better farming techniques and avoid poor management. In particular, survival improvements are strongly required in the scallop, given that its survival rates have been low and unstable, and any farming system transferable to the fishermen has not yet been established. This activity with the scallop was started quite late in the second half of the 3rd year of the project despite the scallop being a more difficultly farmed species than the oyster. More study and further farming experience to solve these problems are necessary in the scallop culture. In the present project, the shellcollector vertical hanging on longline and oyster bag in the intertidal zone are good systems to start oyster farming as a small enterprise. Starting with small scale and graduation to larger should be the best option, looking at risk of failure, flexibility of technique, and access to credit. This was also described by Hambrey et al.7 in the case of fish culture promotion in Vietnam for poverty.
At this stage, impact to the fishermen by means of this project with regard to the oyster farming has been substantial. However, it should be noted that these extension activities have been supported by granting fishermen equipment and spat, which means initial investment capital was unnecessary for them. Besides, the farming was conducted not only by fishermen but also in strong cooperation with extension staff. It is very possible that the fishermen will see different results with productivity and profitability after they have started their own investment and farming. Coaching and monitoring of their farming through extension services still should be continued in such a way that the fishermen have a clear understanding of the farming procedures so as not to deteriorate their newly acquired skills. Improved planning and management of new enterprises, supported by appropriate extension should be the next step.
So far, 23 associations are farming oysters through technical cooperation of the Foundation.
Training courses on shellfish culture for the fishermen have been held four times up to Aug. 2001 by the Foundation in cooperation with JICA. The Foundation has started the promotion of domestic consumption of oysters, introducing processed and preserved oysters as new gourmet products in cooperation with processing companies, and by hosting a seminar on oyster recipes for chefs at major restaurants. The Foundation is planning to spread the oyster fanning among c.a. 96 units of fishermen's associations and individual fishermen by 2005. This number of associations as beneficiaries seems to be increasing, by means of these activities, subsidized by financial assistance of central or local governments. Despite the potential of oyster farming for income improvements, some concerns related to sustainability of the project should be mentioned: e.g. difficulty in finding new markets, decrease of market prices, environmental degradation in farming areas, food variability, sanitary issues such as shellfish poisoning by harmful microalgae and other microorganisms, etc. Large-scale farming companies are comparatively well prepared to take their own measures to deal with these issues, however, poor fishermen's organizations generally have no idea what to do with them. Marketing, promotion of domestic consumption, food quality control, etc. are of significance as lateral supports of the shellfish farming project. Funding in these fields from the respective governments, coupled with technical and/or financial assistance from international aid organization/s is also required to cope with these problems.
